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ABSTRACT
A comprehensive assessment is made of the regional applicability and
potential of salt-gradient solar ponds in the United States. The assessment
is focused on the general characteristics of twelve defined geograhic regions,
while neglecting site-specific details, and includes: a survey of natural
resources essential to solar ponds; an examination of meteorological and
hydrogeological conditions affecting pond performance; the identification of
potentially favorable pond sites; calculation of regional thermal and elec-
trical energy output from solar ponds; a study of selected pond design cases;
an evaluation of five major potential market sectors in terms of technical and
energy-consumption characteristics, and solar-pond applicability and poten-
tial; a detailed economic analysis considering relevant pond system a ita and
financial factors; and a comparison of solar-pond energy costs with r^nven-
tional energy costs.
The assessment concludes that, excepting Alaska, ponds are applicable
in all regions for at least two market sectors. Compared with conventional
energies, solar ponds will generally be able to attain near-term economic
viability in several southern, high-insolation regions. Total solar pond
energy supply potential in the five market sectors examined is estimated to be
8.94 quads/yr by the year 2000, approximately 7.2% of the projected total
national energy demand.
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1.0	 INTRODUCTION
This report documents a study conducted Burin; August 1980 through
November 1981 to assess salt-gradient solar pond resources and to determine
their applicability and potential in the United States. The study was funded
by the Department of Energy, with partial support by the Department of Defense.
Its participants included a JPL team and two sub-contractors: the Benham Group
of Oklahoma City and Ormat Turbines, Ltd. of Israel.
The study proceeded by first conduc t ing a nation-wide survey of
the four natural resources essential to solar ponds (i.e., sunshine, land,
wa ,'^r and salts /brine) and the various meteorological and hydrogeological
coc:.,itions r-ffecting po ' performance (e.g., ambient temperature, evaporation,
soils, and winds). Locations possessing abundant resources and favorable
conditions were identified. Twelve geographic regions were defined, based on
patterns of insolation level, water and salts /brine availability, ambient
temperature distribution and other climatic variables. This regional
assessment approach allowed comprehensive coverage of the entire United States
while neglecting site-specific details.
Regional thermal and electrical energy output from solar ponds were
calculated, using a JPL-developed solar pond performance model, based on
pertinent data at representative sites within the regions. Pond subsystem and
energy distribution subsystem design parameters were studied for selected
cases.
Five major potential market sectors were addressed: the residen-
tial, commercial and institutional buildings sector, the industrial process
heat sector, the agricultural process heat sector, the electric power sector
and the desalination sector. Technical and energy-consumption characteristics
of each market sector were scrutinized, and solar pond applicability and poten-
tial in each sector were examined.
A detailed econonic analysis was then conducted which took into
account regional energy output, various solar -pond capital, Operations and
Maintenance (OW cost data and design considerations, and a number of
financial factors (e.g., application - specific discount rates, accelerated
depreciation schedule, tax rates, inflation rate, investment tax credit&,
escalation rates for capital, 03M and fuel costs, etc.). These inputs were
used to compute solar-pond energy costs, which were in turn compare;; to
conventional energy costs.
i The Benham Group conducted a survey and analysis of land availability and land
values in the residential, commercial and institutional buildings sector, and
Ormat performed case studies to determine solar pond design and performance
parameters for a series of specified applications.
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Finally, solar-pond regional applicability and potential were
qualitatively and quantitatively assessed by market sectors. Supported by an
extensive data base, the results reveal a wide applicability and promising
energy supply potential for solar ponds in the United States.
	
2.0	 FINDINGS
Solar pond technology is considered applicable to u particular
market sector in a specified region if (1) the need exists for low temperature
(less than 2000F) thermal energy or electric power; (2) the necessary
resources are available; (3) the pertinent physical conditions are suitable;
and (4) pond energy is economically competitive with alternative energy
sources before the year 2000. Site-specific factors such as environmental and
institutional constraints were not considered when assessing the regional
applicability of pond technology. Solar pond potential in the applicable
regions is defined as the solar pond energy-producing capacity that has not
yet but may become a reality by the year 2000. The assessment of solar-pond
potential allows for market sector expansion but not for market penetration by
pond technology because the latter depends on political and economic issues
whose evolution over the next two decades cannot be accurately predicted.
Regional applicability and potential of solar ponds in the various
market sectors are summarized in what follows.
	
2.1	 RESIDENTIAL, COMMERCIAL AND INSTITUTIONAL BUILDINGS SECTOR.
With the exception of Alaska, solar ponds can provide thermal
energy at sufficiently high temperatures for building space heating and
domestic water heating in all regions. Alaska's low insolation and low
amhienC temperatures prevent uninsulated solar ponds, which are not equipped
with ref:ectors to enhance solar collection, from producing thermal energy at
temperatures higher than 45 0C. Space cooling using solar ponds is feasible
in principle but requires further research and development to improve its
performance.
The need for thermal energy in space heating/cooling and domestic
water heating exists in every state and region. Cenerally, building heating
loads decrease from north to south, whereas the converse is true for cooling
loads. Water heating loads tend to be uniiorm throughout all regions. In the
north, deeper ponds are required to store thermal energy collected in the
summer for use in space heating during the winter. In the south, shallower
ponds will suffice as winter heating load is light and summer cooling load
peaks in phase with insolation.
Because of heat loss considerations, a very small pond serving an
average-size single-family dwelling is not practical. However, a one-half to
several acre pond serving a group of single-family houses, a multi-family
dwelling complex, a sizable commercial or institutional building, or a dis-
trict comprising a large number of various building types is more appropriate.
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The availability of ?ow-cost land in the proximity of end-use
buildings will be a limiting fa4:. ir, as vacant land is scarce and costly in
most developed areas. The numbi: of ponds retrofitted in the developed areas
is therefore expected to be relat.. •:ely small. Construction of the majority of
solar ponds is expected to occur in to-be-developed areas, where ponds can be
incorporated during planning end design phases.
In3olation level, titial pond capital cost and discount rate are
the three most critical factors affe:;cing the ability of ponds to cowpete with
alternative energy sources. If a discount rate of 11% is assumed, then thermal
energy from ponds for building heating/cooling and water heating applications
will be competitive with most c•inventional fuels in the Southwest., Puerto Rico,
and Hawaii regions. If capital ci.sts are sufficiently low, they will also be
competitive in the regaining regions. Hoi:ever, if a discount rate of 20% is
assumed, then ponds will be economically competitive in most of the high and
moderate insolstion regions )nly .f low capital costs are attainable.
Solar-pond r:,tential in the residential, commercial and institut-
ional buildings sect,7^: {.v '-,6A..ed by land, not need. A conservative estimate
of pond potential ut'_:.i:es tl!e pond-suitable land acraage obtained by the
Benham Group fc• the to-be-developed areas (as determined by the local zoning
ordinances.) the total' U.S. por.1 potential in the buildings sector is esti-
mated to be 3.27 quads/yx, whi,:h amounts to less than 12% of the projected
energy : .etas for space heating %.00ling and water heating in the year 2000. The
Red River region (see Figure 1) leads others with a potential of 1.08 quads/yr
because it has the greatest ecreage of pond-suitable land and relatively high
pond performance. Although the Great Lakes region has the greatest thermal
energy needs (almost 2.5 times those of the Red River region), it possesses
only a modest quantity of pond-suitable land, and a relatively low level of
pond energy output. Consequently, pond potential in the buildings sector for
the Great Lakes region is low. However, the rate of future development may not
follow the current ranking of estimated potential. The northern-heating and
southern-cooling emphases and differential readiness of ponds fcr heating and
cooling are bound to affect the course of pond development in the buildings
sector.
Figure 1 shows, for the buildings sector, the regions favoring
pond development, the estimated region-1 potentials, and those regions where
near-term economic viability of pond energy is attainable.
2.2	 INDUSTRIAL PROCESS HEAT SECTOR
Need fo r thermal energy below 200OF within the manufacturing
Sector [ Standard. Industrial Classification ( SIC) Code Categories 20-391 is
concentrated in the states of California and Washington, most of the Red River.
region, Gulf Coast and Atlantic Northeast regions, part of the Tennessee
Valley region, and all of the Great Lakes region. Food, furniture, gaper,
chemicals, leather, stone/clay /glass and primary-metals processing a,re among
the major industries to which solar ponds can be suitable energy suppliers.
Using solar ponds for preheating in the higher-temperature processes has not
been considered in this study as appropriate conservation measures such as
waste heat utilization may be more readily and economically implemented.
3
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The majority of solar ponds in the industrial sector will be rela-
tively small. Hence, salts and water resources are not expected to be as
limiting as land. Land limitation will likely revult in fewer ponds construc-
ted in SMSAs (Standard Metropolitan Statistical Areas) than in non-SMSAs. Many
of the more than 116,000 existing impoundments may be suitable for conversion
into solar ponds.
Near-term economic viability is expected in California and most of
the Red River and Gulf Coast regions. Early application of solar ponds is
more probable in the food processing and chemical industries. Within the Great
Lakes, Tennessee Valley and Atlantic Northeast regions, near-term economic
viability will be achieved only if low capital costs and favorable financial
conditions can be obtained.
Assuming that all of the manufacturing thermal energy needs (less
than 2000F) in the non-SMSAs, and only half of those in the SMSAa are to be
met by solar ponds, industrial pond potential in the United States is
estimated to be 0.82 quads/yr by the year 2000. Preheating use of solar ponds
and nonmanufocturing industrial processes such as mining are not included in
this estimate. The pond-applicable regions, estimated potentials and areas of
near-term economic viability are depicted in Figure 2.
2.3
	 AGRICULTURAL PROCESS HEAT SECTOR
Agricultural activities take place throughout most of the country.
Only a few states have limited agricultural production due to geological or
climatic restrictions. Solar ponds can supply thermal energy to a number of
agricultural processes: crop drying, livestock brooding, livestock waste dis-
posal, space and water heating for livestock shelters, greenhouse conditioning,
and farmhouse space and water heating. Irrigation pumping also consumes a
significant fraction of agricultural energy, and solar ponds should be able to
provide electricity or shaft power for this purpose.
Ponds will not be widely applicable in the states of Nevada,
Wyoming, North Dakota and those within and neighboring the Atlantic Northeast
region primarily because of their limited needs for agricultural thermal
energy. The applicable regions are distributed throughout the remainder of
the country. However, more ponds for agricultural uses are expected, based on
need and resource availability, in the Red River, Great Lakes, and Southwest
regions. The Red River region ranks first in having an agricultural thermal
energy need that can be met by solar ponds, followed by the Great Lakes and
Southwest regions.
Farm ponds are (_xpected to be moderately sized. A one-acre pond
will be able to supply most o` the thermal energy needs of a several-hundred-
acre farm. Locally occurring salt resources are not a crucial factor. Demand
on water resources will not be overly severe. Locating a several-acre pond on
a large farm should not constitute a problem. Appropriate pond liner or
groundsesler will be required in most cases, however, to guard against
possible contamination of productive land.
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aA multi-purpose farm pond is envisioned as an integral part of
future large farts landscape built near the farm houses, animal shelters,
greenhouses, and crop processing machinery. The high-yield period of a pond
(i.e., fall) coincides with the high energy-demand period of most farms as crop
processing activities occucr most frequently around this time.
Near-term economic viability for farm ponds is likely to occur in
the higher insolation regions. Significant expansion of the U.S. agricultural
sector is not expected, and the total national pond potential is estimated at
0.76 quads/yr by the year 2( 100. Figure 3 indicates the -applicable regions for
agricultural ponds, along with the estimated regional p(,tentials and areas of
near-term economic viability.
2.4	 ELECTRIC POWER SECTOR
Solar pond application in the electric power sector is perceived
to be limited by resources rather than need. Most of the United States is or
can become connected to utility grids, and the grids presumably can absorb any
amount of power that is generated by solar ponds.
Solar ponds which generate electric power will be constructed
mostly on a large scale (tens or hundreds or thousands of acres in area), and
on sites where the essential natural resources (sunshine, land, salts and
water) are available at low or no cost. Many of these sites are likely to be
situated away from population centers. The design, construction, operation
and maintenance of these ponds will be significantly different from those of
thermal ponds. The physical, economic, environmental, and other factors that
affect the installation and performance of these ponds will also be considered
from a different perspective than thermal ponds. Smaller ponds built to gen-
erate electricity for specific community u,te or industrial plant applications
can also be expected, but the various technical and economic considerations
for these may deviate from the large-scale ponds. Existing impoundments may
receive attention for conversion into solar pond power plants.
The evaluation of natural resources, particularly water and salts/
brine, provided information needed for siting potential electricity-generating
ponds. The applicable regions are shown in Figure 4 0 where specific potential
sites are also indicated.
F'or a commercial size solar pond power plant (e.g., 600 MWe),
present or near-term economic viability is attainable in the Southwest, Puerto
Rico, Hawaii, Salt Lake, Red River, and Gulf Coast regions. For a smaller
plant, on the order of 5 MWe, the per kilowatt installed capital cost will be
increased, and regions where pond power is economically competitive with
alternatives will be restricted.
Estimated on the basis of conservative exploitation of the avail-
able resources, the national electric power pond potential is 3.46 quads/yr.
A significant fraction of this is contributed by the Red River region. Note
that small-scale electricity-generating ponds, such as those employable in the
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industrial sector, are not included in this estimate. Regional potential
estimates and regions where near-term economic viability is attainable are also
shown in Figure 4.
	
2.5	 DESALINATION SECTOR
The current desalination market for solar ponds is small, but the
need for desalination is projected to increase substantially during the next
two decades. Most of the country west of about 960 longitude has been water
deficient. Population and economic growth continues to demand more and more
water from local and regional supplies. Energy development is expected to put
a significant additional strain on the existing water resources. In addition,
salinity levels in several major water streams are increasing and the growing
problem of water pollution is affecting most regions. Consequently, the
demand on desalted water has been projected to grow from 273 million gallons
per day (mgd) in 1981 to 2500 mgd in the year 2000.
Solar ponds are perceived to be capable of providing thermal energy
to the distillation desalination process and electric or mechanical power to
the reverse osmosis and electrodialysis processes. To date, limited studies
have been performed on this particular application, and further Research and
development (R&D) efforts need to be conducted.
Solar ponds for desalting purposes may be located near population
centers, in which case land and other resource constraints must be satisfied,
or in remote areas where the requisite resources may be abundant. A number of
options are available for integrating solar ponds into desalination processes.
An advantage worthy of note is that while solar ponds provide thermal, mechan-
ical or electric energy to desalination processes, the desalting plant effluent
can be utilized by ponds, resulting in cost reduction both in effluent disposal
for the plant and brine concentration for the pond.
Demand for desalting high salinity feed water is much greater than
that for desalting low-salinity feed water. Solar-pond desalting potential in
the United States is estimated to be 0.63 quads/yr by the year 2000, with the
Southwest region contributing more than a third. Figure 5 shows the regions
of applicability for desalting ponds, regions where economic viability can be
achieved by the year 2000, and the estimated regional potentials.
	
3.0
	 SUMMARY
Regional applicability and potential of solar ponds for the
various market sectors are summarized in Table 1. Alaska is the only region
that; because of its low level of insolation, is not suitable for operating
solar ponds. Ponds are applicable in all other regions for at least two
market sectors. Where applicability is not indicated for a particular market
in a particular region, the development of ponds may still be possible if
exceptionally favorable conditions exist on certain sites.
10
W,
= Q
w
m
^v
^n0
ell
0
C
O
u
NC
y
V
b
C
Oa
w
0
w
O
A
c
v
u0
b
a
m
^n
V
YI
a
CL
d
c^CO
00
v
x
u-,
v
w
7
00
4.
11
Ylu
a
Y u
O	 W T a .•Od u
a O.N V^ N .n h e1W ••+ e1Y M m0 > M
.••^	 4 Non N 0 W,Q nNWOOJO ••d - 044 ww ,nh y •AC u N y	 IO 68 1u	 O n e1	 M N — 044 ••^ V •A
N
O	 .+
F
.A	 .•d J a O
ap
p w ==Y
o N M
u=
.tt w wa yC W Jet O. '+n n N O W W Y .d QQY 0i C 00.14 uu u qv
•0 u Y0C Y Y O0M .••^ m Y
u•.C+
u N
C N00e1
 
en 't o,n n.+ J Y a1 M O'O
•aQ •0 e1 W Q, ••+ 1 u1 W .A ,p w w Q^ W dM u y
10 be W O O O O of O O- o W
Y
u7 u C O •0 q .0+0
cr
a w A q w 1 •ud >Q ••..+ .•.W a 06 .0 ww
' •d ^^w O. ,O	 O	 N ,p^^ N	 .d	 0 0 ,O10 au u4 •A O ua U au M w w 4 Y C Y Y C Y
u
0Y co	 O	 00 O g 0 Y + y 0O
O4 CA u9 N y•Ae uM	 ^+
O	 V
./^ V1	 e1	 el
,A N	 0	 ,O
10
J T
Y Y
M .r
V
m
w a
.0 Y
.A u	 Y w w u •A d O art
V	 .+ O O
	
N	 O e1 •A C W 10 V N Y ^+
C
41 ^+ O 1	 C •
n
M m
wW W10,00	 n 0W ,O .0 to •~+ a q u
^	 s oo.+o•-^-+o^o n q Y o r u^ my	 p^ •	 •	 •	 • W W V 4 V .,y y .•.
M M	
< 0 0 0 0 0 0 0 0 0 O y Y G~ 4 u uY d t q 4 u.0 00
c1.3 T	 S0d e1 N e1 N ,0 004  mO o000 N - —.•d W a b b t.q w q
N w w C Y C C VOc^OOO OOOO O a•A
V
4 7
•A a 04 •A 4Y Cu Y w Y u i 0m N O O, 0 W •••a O O,NNONOON .p NJ nN a .du ^ 1	 C.+ a > qO .A .Or	 YV >
.+ w w •A q q u q Y 0011 0 0 0 0 + 0 0 0 0 M 7 V O a u Y a AC •A V C V a .t w m
•^^ p, ..M C Y F .0 
mK 6
X a
a m a .d
4
Y m
uw VV T 0, J h O W O, O .A O N V 1 •. u W 4 uV• A w q4O •.^	 00 C O .^ C a 0. m M w
U 4 M L 0pe10, J e1 It Ch ,O J O C 00 O a •^ Y aY
V r Am= .fl ee+ff N .O e1 W.Y e1OA NN •Am Y .•A7 u u u M0 7 Y
ad V lu 1	 1	 1	 1	 1	 1	 1	 1	 1 11 Y 4 u a Y a m t4 w
^
NV^	 W aOno On 4 w q A
C e
L
FN
A u
WCCO JOW W •A •°^N.-^^n•••• .+	 .•^ N .•+ ••+ N O. aO Y a4 q a C • 0 W	 V4 4
•A C q •A • n O V mQ u O m	 A tY4 Y e1 O. ,n e1 ,0 n e1 Pn 0. O eaV sv 00 wll.•q	 q Cma•A •A yY T 7 .	 •	 .	 .	 .	 . .	 . y 0 .A .d V A t Y>
.A e m u
G N
W ,n O,	 ,O J ••+ W -
1^ 11 1 
I N .1i1 N •O - 01N ^+ Y ay
M Z'	 . .A u u V	 u
y Y C^ nOOnr7nnOU• •O .n w n Y wY^ O V 4.a q L 0F aG c w w •	 ...	 . . C u u a .+ e w C	 4F •••• W ,O J W ,O O, T W
.•d	 .+	 r+	 nd ,D ,0 •^ aY Y
4	 YO C MO •A
W 0.00, • A
.+ u M C.
C
a	
w
w
.+ wd M a	 V0 M u C.d •A 0. V •a7N aw u -+ > u A w IV
• A q •AC u w
AC .A u C V
ti M 0 •A O v14 q u q
.-dw
a
X%	 K	 X X	 Y K 0. CG.O
4
•A uu ^X
C •A
w	 a
4
u .r CaNw
Y u V a Y C O Y •0
O
y
q N
Tq M 4 Y C V O C V
o q u o	 Y 0. 0,7 u M u tu
•A u	 u K X a v u^ ^
O•.^ N	 y X X	 K	 X K	 Y K X K YpC O a C M .^-a 7 qM >7 0.0 W y •A ^.+H Care
•.0i id 4 m T Y Y w!e q q.+ .^•+
.
C^h
M	 S
w	 p, X K X	 K	 KX X X K x X X K K Y K	 X q C•A m 00 M4	 C y 4 Mw ppCp
M 0.O	 t COx	 < O M C M i W-C
Y q
0• C
t
V Y u
S K X% X K	 %%% ^+m M Cp .Od M ppi q0.rd X X X X K% X X 90 X • Yc 4 w a 0.O a p, u YP a u a 0. M u
+^ M C Y ••+ • A 	 • M y u .	 m
•A w	 4 Y M u C ep
^	
V
m Y 9 w	 w q> u O 00
0
.. O 4% X K X X X K K X Y X K K u 0 4 w M	 ••d V	 u •A	 O
.r
m
w uV q SO C.^ O O Y 'Ow u Y 4 aT q w	 w•u ••+ l Y O M is 4 u r p l'	 u
A C u G M •A Y M u •A O w	 Ca	 T
y	 Y	 Y •A w
a^	 4
++
4
M	 X
V w
•A w	
y
i	 t
W	 w Y
Y
K q
6
•.d W
C wr
a u
M Y C
u.w
O	 UC w44	 a	 w>	 O O u .A V i	 V uwu u 1	 u •p	 w.r Y u u .AS w C .-Y. 71L Y u	 {•	 Y aa •..	 g Y q VY.% •.d yOL C V Y uu	 4
wyOO VY ppC2u 10 yy S > d w 0 .11 S,•A YM Y .•+ b nT	 u ,D O4	 .. C•A
O "'1 7	 A	 M U u 1 :Z O ••pQ a >•A mq M q q 4*4 V W	 C	 A w w A u mil u.•qdW a	 wV -u+ u q 9 Y C .•+ r w w 4i	 Y '•^ V C.0 a Y yy y>C C C 47 0 q
 qWO06 0. to (A00 06 U 1 ., U« 50.5 Ij a 'C G u and 9 w a
 —
d
u
ce
N
.Q
d
u
C
W
IJ
C
to
r+
O
a
ca
.••4
O
1n
JJ
rw
W
1+
^.h
iL
W
O
LGOJ
L
O
a
C
4L
.,4
.0
Id
U
da
d
10
CO
.2
a
rr
Ol
F
12
nCosts of delivered energy from solar ponds are also included in
Table 1. The costs are in 1981 dollars and are for ponds with a 1990 start-
up schedule. The start -up date does not affect energy costs significantly.
For example, these costs will be reduced by 1.0% to 1.5% if a 1985 start-up
date were to be considered. With respect to the thermal energy costs the low
figures in the range are associated with a pond capital cost of $31/m^ and a
discount rate of 11%, while the high figures in the range are associated with
a pond capital cost of $87 /rn2 and a discount rate of 20%. The busbar elec-
tric power costs are based on a discount rate of 11% with the low figures
based on capital cost estimates developed for a 600-MWe commercial -size solar
pond power plant at the Salton Sea, and the high figures related to a 5-MWe
plant at the same location. The other perti: .ernt financial factors are:
inflation rate = 7.2%; O&M escalation rate - 9.3%; capital escalation rate -
7.2%; system lifetime - 20 years; construction time - 2 years; miscellaneous
expense rate - 2.25%; investment tax credit rate - 10%; depreciation by the
sum-of-years-digits method; and the various local tax rates as appropriate for
the regions (which range between 44% and 51X).
When solar ponds are compared with natural gas for industrial
thermal applications (using a discount rate of 20X), no solar ponds will be
competitive in any region during the next two decades within the capital cost
range considered. For municipal thermal applications (using a discount rate
of 11X), ponds will be competitive for a subset of capital costs and regions
after 1990. This comparison will have to be reexamined if deregulation of
natural gas price takes place.
When a 250-acre solar pond power plant ( producing 5 MWe nominal in
the Southwest region) is compared with a small ( 8-MW) new oil-fired facility,
the solar pond power plant is competitive in the Southwest, Hawaii, and Puerto
Rico regions within the capital cost range considered. If the capital costs
can be held below $50/m 2 , then ponds are also competitive in the Salt Lake
and Red River regions, and nearly competitive in the Gulf Coast and Tennessee
Valley regions.
When a 26,400-acre pond ( producing 600 MWe nominal in the
Southwest region) is compared with a coal-fired power plant, the pond is
competitive in the Southwest, Red River, and Hawaii regions and not
competitive in the Black Hills, Great Lakes, Atlantic Northeast, and Alaska
regions. In all other regions, the solar pond power plant can be competitive
under specific time horizons and capital cost ranges. In general, under
proper technical and financial conditions, solar ponds can attain near-term
economic viability in the southern high-insolation regions. This is as
expected because higher solar intake results in higher pond energy yield and
lower energy cost.
The energy supply potentials of solar ponds in the year 2000 are
also tabulated in Table 1 by region and by market sector. Insufficient data
are available to enable estimation for the Hawaii and Puerto Rico regions.
Although quad numbers will be small for these two small regions, high pond
performance and the apparent availability of resources are expected to make
ponds significant energy suppliers to meet the local needs. The Red River
region ranks the highest in pond potential, 3.44 quads /yr, for a combination
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Kof reasons: abundant resources, strong energy demand, relatively high insola-
tion, and a:-itable climatic and hydrogeological conditions. The Gulf Coast and
Southwest regions rank number 2 and number 3, respectively; both have very
favorable conditions to support solar ponds development. Situated in the sun
belt, both regions have experienced and will continue to experience healthy
economic expansion. Most of this country's first commercial solar pond facil-
ities can be expected in the Red River, Gulf Coast and Southwest regions.
The Salt Lake region ranks number 4 with a significant contribution
from the Great Salt Lake, whose electric power generating potential tops the
nation's inland water bodies. The Tennessee Valley ranks number 5 with favor-
able conditions for ponds in almost every market sector. The Atlantic North-
east region follows in the ranking primarily because of a large potential in
the residential, commercial and institutional buildings sector. This is
because the region is highly developed, and the pond-suitable-land acreage in
the areas to be developed is second only to that for the Red River region.
However, considering the low insolation level and cold winters prevailing in
the region, and the region's slower economic growth patterns, additional engi-
neering and economic. considerations will be required to realize this potential
in the buildings sector. The Great Lakes region ranks number 7; although the
agricultural and industrial activities are rather brisk in comparison with
other regions, the relatively low insolation level renders application of
solar ponds in the other market sectors less attractive. The Pacific
Northwest and Black Hills regions are two of the least attractive regions for
solar ponds. The explanation lies in low insolation, unfavorable climatic or
geological conditions, meager pond resources, and low energy demand.
The total energy supply potential of solar ponds for the United
States in the year 2000 is estimated at 8.94 quads/yr. This amounts to 7.2%
of the projected national energy demand for that year. An estimated four
million acres of solar ponds will be required to produce 8.94 quads/yr. This
total pond area is slightly less than four times the area of the Great Salt
Lake, a small quantity compared to the vast expanse of the country.
4.0	 CONCLUSIONS AND RECOMMENDATIONS
The following conclusions and recommendations have resulted from
the study:
(1)	 Abundant resources exist in the United States for developing
salt-gradient solar ponds to supply electric power and low-
temperature thermal energy. Climatic and hydrogeological
conditions are suitable for operating solar ponds in most
regions of the country. Five major market sectors display
energy demand characteristics that are compatible with solar
ponds. Near-term economic viability is attainable for the
pond technology in several regions and markets. The energy
supply potential of solar ponds in the year 2000 is estimated
at 8.94 quads/yr, 7.2% of the projected total national energy
demand.
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(2) Solar pond potential is high. Actions should be taken on the
federal, local and private sector levels to develop this
potential. In the initial commercialization stage, the
federal government should play an active role in providing
the local government and private sectors with adequate incen-
tives to stimulate deployment of solar ponds. Co-funding
prototype pond projects and strongly supporting large-scale
field experiments and important R&D activities are examples
of recommended federal involvements.
Local government and private-sector users are the direct
beneficiaries, and should take positive steps to bring abour
early commercialization of solar ponds.
(3) Regions deserving particular attention are the Red River,
Gulf Coast, Southwest and Salt Lake regions, where the pond
potential is the highest, the resources are the most
abundant, and the energy demands are the greatest. Specific
sites within these regions are, for example, the Salton Sea,
the Great Salt Lake, Permian Basin, the Gulf Coast salt
domes, Paradox Basin, Supai Basin, the Red River chloride
control zones, Galveston Bay, Owens Valley, San Diego Bay,
etc.
(4) The electric power production potential of solar ponds is
enormous. At an estimated 3.46 quads/yr, electric power
ponds represent about 39% of the national pond potential.
The recent Israeli success in generating electricity with
ponds and the knowledge of this sizable U.S. potential
should stimulate increased emphasis in this market.
(5) The pond potential fot space heating/cooling and water
heating in the residential, commercial and institutional
buildings sector is also very significant, at an estimated
3.27 quads/yr, about 37% of the total national pond
potential. However, unlike the electric power market, the
buildings market is distributed over the country, and
concentrated development in a few regions is not possible.
Moreover, requirements for space heating is higher in
regions with lower insolation, and air conditioning using
solar ponds in the high-insolation regions remains to be
demonstrated. Techniques for enhancing solar collection in
the low-insolation regions, such as tilted reflectors,
should be explored. This will be of value particularly to
the Atlantic Northeast region where pond potential for
building space heating is relatively high.
(6) Collection enhancement techniques should also benefit the
Great Lakes region where the IPH market potential is the
highest of any region. The IPH sector possesses over
176,000 existing impoundments whose possible conversion into
solar ponds deserves further investigation. Many non-
manufacturing industrial processes, such as mining, should
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be able to utilise ponds. Also, soior ponds may be practical
in providing preheat to some high-temperature industrial
processes. These are additional study areas that should be
pursued in the future.
(7) Multipurpose farm ponds offer a number of distinct advantages
to the agricultural sector. Initial developmental and com-
mercial effort can concentrate on California, Texas, and the
Great Lakes region.
(8) The desalination market is at present very small. However,
the possibility exists that tremendous growth in desalting
energy consumption may occur in the next two decades. Solar
ponds coupled with distillation desalting plants may offer
several advantages. Future development in this area can
focus on the Southwest, Salt Lake, and Red River regions.
(9) Solar pond-desalting plant coupling is but one example of
combined technology. Other possible and perhaps promising
combinations are solar pond with sewage treatment, solar pond
with oil shale development, solar pond with mineral recovery
including salt production, solar pond with ethanol produc-
tion, etc. In most of these combinations, cost benefits can
be reaped by both the solar pond and its counterpart. To
date, these concepts have received limited attention. Their
future development may again reside largely in the high-
insolation regions.
(10) The economic analysis conducted in this study revea.s that
the major energy cost drivers are the initial capital cost,
pond energy output and discount rate. Doubling the capital
cost can increase the pond energy cost by 402 to 70%. Dou-
bling the discount rate can increase the pond energy cost by
332 to 1022. But doubling the pond energy output can decrease
the energy cost by about 1002. This points out the impor-
tance of siting, enhancement of pond performance, reduction
of up-front construction cost, and financing arrangement.
Creative financing of solar ponds is an issue that has not
been specifically addressed and should receive more attention
in the future. The impact of reducing construction cost has
long been recognized and continued effort should be made to
product low-cost ponds. Enhancing pond performance has been
the stated goal of many research programs but few methods
have been established to date. Future efforts should be
directed toward these three specific areas if the economic
viability of ponds is to be improved.
(11) Speaking of the economic effect of pond performance alone may
be misleading. It is actually the performance of the entire
pond system that is translated into pond energy economics.
Improving the performance of the pond itself is certainly
important, but improving the efficiency of the energy distri-
bution subsystem, the power conversion subsystem, and above
i
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all, optimizing the entire system, are also of crucial
importance. Solar pond system optimization has barely been
addressed, and adequate attention must be paid to the
subject.
(12) For locations that lack certain resources, several R&D items
may be important. Evaporation suppressants will aid the
water-short regions. Alternate, inexpensive salts will
benefit regions with no known salt resources. Enhanced
evaporation techniques will improve the likelihood of
turning low-saline lakes and coastal regions into solar
ponds, and increase the nation ' s salt resources immensely.
Floating ponds will remove the land constraint from many
populated coastal cities and make deep existing lakes
available for conversion into solar ponds. Research and
development efforts addressing these items will preserve or
enlarge the nation ' s pond resources and should not be
neglected.
(13) This regional assessment provides comprehensive, broad
information and an overview of the applicability and
potential of solar ponds in the United States. The next
level of effort should be on a district level and directed
toward formulation of master plans. Site-specific studies
which must be performed before any pond project can be
actually launched are best conducted within the structure of
larger scoped, long -term planning and regional development
guidelines.
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